Conclusions
The hospital IRs and CHRs of VT and VF complicating AMI have declined over time, likely because of changes in acute monitoring and treatment practices. Despite these encouraging trends, efforts remain needed to identify patients at risk for these serious ventricular arrhythmias so that preventive and treatment strategies might be implemented as necessary. (Am Heart J 2019;208: 1-10.) Ventricular tachycardia (VT) and ventricular fibrillation (VF) frequently complicate the clinical course of patients hospitalized with an acute myocardial infarction (AMI). 1, 2 The development of these serious ventricular arrhythmias in patients hospitalized with an AMI is often associated with a larger infarct, ventricular wall dyskinesia and dysfunction, more extensive underlying coronary artery disease, and ST-segment elevation myocardial infarction (STEMI). [3] [4] [5] [6] The development of VT and VF in patients hospitalized with AMI is associated with increased inhospital and postdischarge morbidity and mortality. 7, 8 National data on either the incidence rates (IRs) or casefatality rates (CFRs) of VT and VF complicating AMI in the United States are not presently available. In a medical records linkage study of 2,280 patients who were admitted to all hospitals in Olmsted County, Minnesota, for coronary heart disease between 1979 and 1998, the annual IRs of sustained VT remained stable at 1.8%, whereas the IRs of VF declined from 7.7% in the initial study years to 5.0% during the most recent years under study. 9 However, this study was limited by its small sample size and by the lack of more contemporary data. A number of changes in the more optimal management of patients hospitalized with acute coronary disease during recent years may have led to favorable changes in the magnitude and/or outcomes of serious ventricular arrhythmias among patients hospitalized for an AMI. 10, 11 Using data from a population-based surveillance study of patients hospitalized with confirmed AMI at all central Massachusetts medical centers, we examined 25-year trends in the hospital IRs and CFRs of VT and VF, and compared differences in the in-hospital CFRs of patients who developed with those who did not develop VT or VF complicating their AMI.
Methods

Study design and data collection methods
Data from the Worcester Heart Attack Study, an ongoing population-based investigation that is examining long-term trends in the incidence, in-hospital, and postdischarge CFRs of AMI among residents of the Worcester, Massachusetts, metropolitan area were used for this investigation. The details of this study have been described previously. [12] [13] [14] [15] [16] In brief, the medical records of residents of central Massachusetts hospitalized for possible AMI at the 11 medical centers serving residents of this large central New England metropolitan area were individually reviewed. The diagnosis of AMI was independently validated according to criteria developed by the World Health Organization with further subclassification into those with an ST-segment elevation AMI (STEMI) or non-ST-segment elevation AMI (NSTEMI). 17, 18 This investigation was approved by the Institutional Review Board at the University of Massachusetts Medical School.
Trained nurses and physicians abstracted demographic and clinical data from the medical records of residents of the Worcester metropolitan area hospitalized with a confirmed AMI. Quality control activities were routinely conducted on all nurse and physician data abstractors. Abstracted information included patient's age, sex, medical history, physiologic factors, laboratory test results at the time of hospital admission, and length of hospital stay. Information about the in-hospital use of important cardiac medications, coronary angiography, percutaneous coronary intervention (PCI), and coronary artery bypass graft (CABG) surgery was collected. Development of several significant clinical complications (eg, atrial fibrillation, cardiogenic shock, stroke, heart failure, survival status) during the patient's index hospitalization was defined according to standardized criteria.
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Study population
Among the 12,804 residents of the Worcester metropolitan area who were hospitalized with an independently confirmed AMI on an approximate biennial basis between 1986 and 2011, we excluded patients with missing data on age (n = 281), race (n = 476), serum potassium levels (n = 212) and length of hospital stay (n = 10). The final study sample consisted of 11,825 patients with an AMI.
Ventricular arrhythmias
The occurrence of VT and VF was based on physicians' progress notes. To reduce the possible misclassification of VT and VF due to the underreported occurrence of these arrhythmias in physicians' notes, the study research physicians also reviewed patients' ECG strips in their hospital medical records. Ventricular tachycardia was defined as a cardiac arrhythmia of 3 or more consecutive complexes originating in the ventricles at a rate of greater than 100 beats/min (cycle length less than 600 milliseconds). 2 Information was also collected about the date of initial VT occurrence since the time of hospital admission. Ventricular fibrillation was defined as a rapid, usually more than 300 beats/ min (cycle length 200 millisecond or less), grossly irregular ventricular rhythm with marked variability in QRS cycle length, morphology, and amplitude. 2 Following definitions used in prior investigations, 9, 14, 22 we further classified VT and VF as either occurring early (within 48 hours after hospital admission) or late (after the first 48 hours) and primary (occurring without concomitant heart failure or cardiogenic shock) or secondary to concurrent heart failure or cardiogenic shock. For patients who had multiple episodes of VT (582/1,731 patients, 33.6%) and VF (158/574 patients, 27.5%), only the first episode was counted. We classified the 348 patients who developed both VT and VF as having VF because VF is more clinically serious than VT.
Statistical analysis
Patient characteristics, including demographic factors, clinical presentation, physiologic findings, and laboratory test results, were compared between patients who developed VT or VF and those who did not using χ 2 tests for categorical variables and the t test or Kruskal-Wallis test for continuous variables. Changes in these characteristics between our respective comparison groups were also examined across study years using χ 2 tests for trends. The hospital IRs (eg, frequencies) of VT and VF complicating AMI were calculated as the proportion of new cases of VT and VF which occurred among all patients hospitalized with AMI. 22 The in-hospital CFRs for each condition were calculated as the number of inhospital deaths/total number of cases with a particular arrhythmia. 23 The IRs and CFRs were graphed in a continuous manner between 1986 and 2011 using locally weighted least square smoothing. 24 We controlled for the effects of changes in patients' demographic characteristics, clinical presentation, and medical therapies and coronary reperfusion practices on trends in hospital IRs and CFRs using multivariable adjusted logistic regression modeling. Study year was treated as an integer-valued variable in examining linear trends in these end points. Potentially confounding factors were identified based on differences in the baseline characteristics of hospitalized patients according to the presence or absence of VT or VF using a P value of b.05 as a cutoff. These variables were successively introduced into the multivariable adjusted logistic regression model in blocks to a full model. Because length of hospital stay may affect the possibility of capturing VT or VF during the patient's acute hospitalization, or serve as a proxy for disease severity, length of stay was also included in the fully adjusted models as a potentially confounding factor.
We examined the overall magnitude, and changes over time therein, in the frequencies of VT and VF based on the presence of concomitant heart failure/cardiogenic shock or not. Because the occurrence of VT may differ between patients with a STEMI and NSTEMI, trends in the hospital IRs and CFRs of VT were also examined for these 2 groups, separately in patients admitted to all central Massachusetts hospitals between 2001 and 2011, when information about the type of AMI was collected. We examined trends in the hospital IRs and CFRs of VT and VF according to whether or not the patient received coronary reperfusion therapy, namely, thrombolytic therapy or a PCI, during the years under study. In addition, we examined trends in hospital IRs of early (during the first 2 days after hospital admission) versus late VT in patients further classified by type of AMI (eg, STEMI vs NSTEMI).
Given the large size of this study, almost all differences that were observed were highly statistically significant. Thus, all reported between-group differences without an explicit P value had a P value b.05.
Results
Baseline patient characteristics
The median age of the study population was 71 years old, most patients were white (94.7%), and 57.9% were men. Patients whose clinical course was complicated by either VT (n = 1731) or VF (n = 574) were several years younger than patients who did not develop these serious ventricular arrhythmias and were more likely to be male (Table I) . Patients who developed VT or VF were less likely to have a medical history of diabetes, hypertension, or a stroke/ transient ischemic attack. On the other hand, patients in whom these arrhythmias were diagnosed were more likely to have developed important clinical complications (eg, atrial fibrillation, heart failure, cardiogenic shock) during their acute hospitalization. Compared with patients who did not develop these ventricular arrhythmias, patients who developed VT or VF were more likely to have been treated with antiarrhythmic agents or thrombolytic therapy but were less likely to have received aspirin, angiotensin-converting enzyme inhibitor/angiotensin II receptor blockers (ACE-I/ARBs), β-blockers, and lipid-lowering agents. Between 1986 and 2011, the prevalence of several preexisting comorbidities (eg, heart failure, diabetes, hypertension, stroke) increased (Table II) , as did the prescribing of aspirin, ACE-I/ARBs, β-blockers, lipidlowering agents, PCI, and CABG surgery. During this period, there were declines in the frequency of several important in-hospital complications including atrial fibrillation, heart failure, and cardiogenic shock. Receipt of thrombolytic therapy and the average hospital length of stay also decreased over time (Table II) . After adjusting for changes in the demographic and clinical characteristics of our patient population over time, the proportion of patients who developed VT declined by approximately 11% (95% CI = 6%-17%), whereas the proportion of patients who developed VF declined by 37% (95% CI = 30%-43%) after each decade, respectively (Table III) . After we adjusted for changes over time in the receipt of various cardiac medications and reperfusion therapies received at the time of hospital admission during the years under study, the proportion of patients who developed VT did not change over time, whereas adjustment for the receipt of these therapies attenuated the magnitude of the decline in the hospital IRs of VF after each decade to 20% (95% CI = 7%-32%).
Trends in hospital IRs of VT and VF according to concomitant heart failure or cardiogenic shock Approximately 41% of our 11,825 study patients developed either heart failure or cardiogenic shock during their hospitalization for AMI. The development of ventricular arrhythmias in these patients was more common than in patients who did not develop either heart failure or cardiogenic shock (17.2% vs 12.9% for VT and 7.3% vs 3.2% for VF, respectively). The proportion of patients who developed VT among those with concomitant heart failure (Figure 2, top panel) . Similarly, the incidence rates of early and late VF significantly declined during the most recent decade under study, with a larger decline observed for late VF (Figure 2 ).
Trends in hospital IRs of VT and VF according to type of AMI
During the most recent decade (2001-2011) under study in which data were collected on the type of AMI patients experienced, 32.0% of study patients (n = 1,161) were diagnosed with a STEMI, whereas the remainder (n = 3,930) were diagnosed with an NSTEMI. The occurrence of both VT and VF was more common in patients with a STEMI than for those with an NSTEMI (17.3% vs 11.3% for VT and 5.3% vs 1.6% for VF). Among patients with a STEMI, about 80% of episodes of VT and VF occurred within the first 48 hours after hospital admission, compared with only 60% of such episodes for those with an NSTEMI. The hospital IRs of VT and VF declined between 2001 and 2011 in patients with a STEMI (Figure 2 , bottom panel). The IRs of VT also declined in patients with an NSTEMI, whereas the IRs of VF in these patients did not change significantly over time (P = .25, Figure 2 ).
Trends in hospital IRs of VT and VF according to the receipt of coronary reperfusion therapy
We also examined trends in the hospital IRs of VT and VF during the years under study according to the receipt of coronary reperfusion therapy (eg, thrombolytic therapy or a PCI) during the patient's acute hospitalization.
Patients who received either form of coronary reperfusion therapy were more likely to have developed either VT (17.8% vs 12.8%) or VF (5.9% vs 4.3%) than those who were not treated with coronary reperfusion therapy (P b .001). Encouragingly, there was a marked decline over time in the likelihood of developing either VT or 
Trends in hospital CFRs of VT and VF
The overall in-hospital CFRs were 48.3% among patients who developed VF, 13.9% in patients who developed VT, and 8.9% in patients who did not develop either of these ventricular arrhythmias during their acute hospital stay. The in-hospital CFRs decreased from 27.7% in our initial 2 study years (1986/1988) to 6.9% in our 2 most recent study years of 2009/2011 for patients who developed VT, from 49.6% to 36.0% for patients who developed VF, and from 11.5% to 4.6% for those whose hospital course was not complicated by either VT or VF (Figure 3) . After adjusting for changes in patient's demographic characteristics and clinical presentation during the years under study, the hospital CFRs decreased by 41% (95% CI = 39%-50%) for patients who developed VT and by 24% (95% CI = 14%-32%) for those who developed VF after each study decade (Table III) . However, the declining trends in the hospital CFRs of VT and VF were markedly attenuated after adjusting for the receipt of various cardiac medications and reperfusion treatments during the patient's index hospitalization for AMI.
Trends in hospital CFRs of VT and VF according to the receipt of coronary reperfusion therapy
Patients who were treated with coronary reperfusion therapy in the form of either thrombolytic therapy or a PCI experienced markedly lower in-hospital death rates than those who did not receive this form of therapy, irrespective of whether they did not develop either VT or VF (3.5% vs 11.7%) or if they developed VT (7.7% vs 18.9%) or VF (29.4% vs 63.3%), respectively. The in-hospital CFRs declined over time for all patients, regardless of whether they received reperfusion therapy or if they developed VAs, with more significant declines observed in patients who developed VT who were treated with either conventional or coronary reperfusion therapy (Figure 3 , bottom panel). However, caution needs to be exercised in the interpretation of the in-hospital death rates among (2) (3) & (1), (2) 0.89 0.83-0.94 0.63 0.57-0.70
In-hospital treatments (4) & (1), (2) (3) & (1), (2) 0.59 0.50-0.71 0.76 0.67-0.86
In-hospital treatments (4) & (1), (2), (3) 1.09 0.86-1.39 1.07 0.91-1.27
Each block of variables was added to precedent blocks in the successive models. Block 1: Age, sex, and race. Block 2: History of heart failure, diabetes, hypertension, and stroke/transient ischemic attack. Block 3: In-hospital serum potassium levels and hospital complications of atrial fibrillation, heart failure, and cardiogenic shock. Block 4: In-hospital treatment with aspirin, ACE-I, antiarrhythmic agents, β-blockers, lipid-lowering agents, thrombolytics, PCI, and CABG. patients who developed VT, and especially VF, given the declining frequency of these serious VAs among patients with AMI which resulted in relatively small sample sizes of several patient groups during the most recent years under study.
Discussion
In this community-based study of approximately 12,000 patients hospitalized with AMI at all central Massachusetts medical centers, we found that the incidence rates of both VT and VF, especially among patients with concomitant heart failure or cardiogenic shock, declined between 1986 and 2011. Although the in-hospital death rates for patients whose hospital course was complicated by VT or VF have declined during the study period, mortality remained high at approximately 40% in patients who developed VF in 2009/2011. Between 2001 and 2011, trends in the magnitude of early versus late VT differed, whereas trends in the frequency of VF complicating AMI differed according to the type of AMI patients developed.
Trends in the hospital IRs of VT complicating AMI
We observed declining trends in the frequency of sustained and nonsustained VT among patients admitted to all central Massachusetts hospitals for an AMI between 1986 and 2011. Published data examining long-term or recent trends in the magnitude or death rates associated with VT complicating AMI are extremely limited. In a study of 2,280 patients who were admitted to all hospitals in Olmsted County, Minnesota, for an AMI between 1979 and 1998, sustained VT occurred in 1.8% of hospitalized patients. 9 Among the more than 3,000 patients enrolled in the Primary Angioplasty in Myocardial Infarction trials who underwent a primary PCI, VT/VF occurred in 4.3% of studied patients. 25 In the large multicenter randomized HORIZONS-AMI trial of patients with a STEMI who underwent a primary PCI, 26 5.2% of patients developed VT/VF after undergoing their PCI, with most episodes (85%) occurring during the first 48 hours of their procedure. In a subgroup analysis of data from the multicenter, multicountry, APEX AMI trial, 6 among the 5,745 patients with a STEMI who underwent a primary PCI, 5.7% of patients developed VT/VF. Notably, our observed declines in the frequency of VT were primarily driven by declines in VT among patients who had concomitant heart failure or cardiogenic shock. The declines we observed in the frequency of VT in patients with heart failure or cardiogenic shock might be due to increases in the use of coronary reperfusion therapies, including thrombolytic therapy and PCI, which have been shown to improve cardiac function and lower the risk of developing heart failure. 27 Indeed, in our study, the proportion of patients who developed heart failure after AMI decreased from 44% in 1986 to 29% in 2011.
Although the use of coronary reperfusion therapies might reduce the frequency of occurrence of primary and secondary VT after AMI, reperfusion arrhythmias, including VT, might offset these benefits. 6, 28 An increasing occurrence of reperfusion arrhythmias might also explain the smaller decrease in the incidence of early VT, where reperfusion VTs are more prevalent, compared with the incidence rates of late VT that were observed between 2001 and 2011.
Whereas evidence-based treatment modalities may have an impact on preventing early-onset VT, which is often induced by transient abnormalities of automaticity or triggered activity following acute myocardial ischemia, these treatments can reduce infarct size and remodeling of the arrhythmic substrate or reentry pathways, thereby reducing the risk of late VT. 29 Discontinuation of the use of prophylactic lidocaine and other antiarrhythmic agents in the mid-1990s might also have contributed to declines in the frequency of VT. 30, 31 The trends we observed are consistent with these hypotheses; however, disentangling the interplay of these factors on trends in the incidence rates of VT is complex and remains a topic for further study. 
Trends in the hospital IRs of VF complicating AMI
The frequency of primary VF (ie, VF which occurs in patients without heart failure or cardiogenic shock) and secondary VF among patients with an AMI also decreased between 1986 and 2011, with a larger decrease in the frequency of secondary VF. This finding was in contrast to our prior analysis of data from this community-wide study which failed to find a significant change in the incidence rates of primary VF complicating AMI between 1975 and 1997 14, 15 or with the results of the Rochester Epidemiology study between 1979 and 1998. 9 Declining trends in the magnitude of VF that we observed may be due, in part, to the favorable effects of increased utilization of evidence-based treatments for AMI during the most recent years under study. In contrast with relatively stable trends in the frequency of VT between 1986 and 2011, declines in the occurrence of primary VF might be explained by the fact that reperfusion-induced VF occurred in a considerably smaller proportion of treated patients compared with the frequency of VT. 32 Trends in hospital IRs of VT and VF according to type of AMI Consistent with prior reports, 7, 33, 34 we found that VT and VF occurred more commonly in patients with a STEMI than in patients with an NSTEMI. Most instances of VT and VF tended to occur early within the first 48 hours of hospitalization in patients with a STEMI, whereas slightly more than one-half of all episodes of VF occurred during this high-risk period among patients with an NSTEMI. The greater frequency of ventricular arrhythmias in patients with a STEMI is possibly due to the more common occurrence of electrical or inflammatory disturbances that result after the complete blockage of a coronary artery compared to less common disturbances due to residual coronary flow in patients with an NSTEMI. 35 In addition, emergent PCI is more common in patients with a STEMI, which may result in a greater frequency of reperfusioninduced VT as compared to patients with an NSTEMI, where a "watchful waiting" strategy is more commonly used. Differences in the timing of these ventricular arrhythmias may have implications for when to discharge high-risk patients with an NSTEMI. However, later discharge and/or increased postdischarge surveillance for patients with an NSTEMI needs to be considered from a cost-benefit perspective given the fairly low incidence rates of VF (1.6%) among these patients.
Patients with either a STEMI or an NSTEMI experienced a decline in the hospital frequency of VT between 2001 and 2011. Similar trends were observed with regard to the development of VF among patients with a STEMI, whereas the occurrence of VF among patients with an NSTEMI did not change during this period. It is unclear why the frequency of VF did not decrease in patients with an NSTEMI during the study period. However, the low frequency of VF (1.6%) among these patients might have been difficult to detect in our study. Differences in the trends of VT and VF among patients with an NSTEMI may also suggest distinct underlying mechanisms and risk factors for the development of these serious arrhythmias among these patients.
Trends in hospital CFRs of VT and VF complicating AMI
We observed an encouraging decline in the hospital death rates of patients who did not develop VT or VF, as well as in patients who developed either VT or VF, between 1986 and 2011. Our prior work also found lower odds of dying among patients who developed primary VF in the late 1990s and early 2000s compared with the late 1970s. 22 Improvements in the timing and use of in-hospital cardiopulmonary resuscitation might have contributed to the decreased in-hospital CFRs of VT and VF that we observed during the years under study. Data from 17,490 patients with in-hospital VT or VF who were studied in the Get With The Guidelines-Resuscitation registry showed that immediate survival after resuscitation increased from 58% in 2001 to 72% in 2009. [36] [37] [38] [39] Several factors, including early recognition and rapid defibrillation, greater availability of trained personnel, better chest compressions, and therapeutic hypothermia, likely contributed to improved survival rates. [33] [34] [35] [36] For patients with hemodynamically stable VT, changes in patient management, including correction of electrolyte and acid/base abnormalities and treatment of important clinical complications, during the period under study may have further reduced the risk of deterioration into pulseless VT or VF and death.
It is important to note that, in the present study, changes in hospital management practices, namely, the increased use of aspirin, ACE-I/ARBs, β-blockers, and lipid-lowering agents, as well as increased use of PCI and CABG surgery during the period under study, primarily accounted for the improvement in the short-term survival rates we observed among patients who developed either VT or VF. Our findings provide encouragement for the continued high use of effective hospital treatments for AMI to reduce the risk of dying from these ventricular arrhythmias.
Study strengths and limitations
The present study has several strengths. It is among the very few studies that have provided more generalizable community-based epidemiologic data that can furnish insights into the magnitude and impact of the major ventricular arrhythmias in patients hospitalized with AMI. All patients admitted to the coronary care unit were telemonitored for their entire stay, making it unlikely that episodes of asymptomatic and nonsustained VT were missed. However, our study also has several limitations. Because of considerable missing data on duration of prehospital delay, we were unable to systematically classify the time of onset of VT or VF according to acute symptom onset. However, in an analysis of 1,501 patients with information available about duration of prehospital delay, the classification of early from late VT or VF based on acute symptom onset agreed well with that based on the timing of hospital admission. Because of our methods of data collection, we were unable to disentangle patients who developed sustained VT from those who developed nonsustained VT, which may, in part, explain the relatively high IRs of VT that we observed in the present study compared with prior investigations. Finally, caveats need to be placed on the interpretation of our data that examined trends in the hospital CFRs of VT and VF according to the receipt of coronary reperfusion therapy during the years under study given the sample sizes involved and unclear temporarily of administration of this therapy and development of the serious VAs under study.
Conclusions
The results of this community-wide study found declining multidecade-long trends in the incidence and mortality of VT and VF in a community-wide population of patients hospitalized with AMI. The encouraging trends that we observed are likely due to changes in hospital treatment practices during the years under study. However, efforts remain needed to identify patients at risk for these serious ventricular arrhythmias so that effective preventive and treatment strategies could be implemented as necessary.
